When Penicillium patulum was grown on Czapek-Dox agar, 6-methylsalicylic acid was produced as an aerial mycelium was forming. Nutrients were often plentiful in the medium when biosynthesis began. If the formation of an aerial mycelium was prevented by growing the fungus between two sheets of dialysis membrane, no 6-methylsalicylic acid was produced even when nutrients were completely consumed. If the upper sheet of dialysis membrane was stripped off cultures of the latter type, an aerial mycelium formed; concomitantly, 6-methylsalicylic acid biosynthesis was observed. We conclude that 6-methylsalicylic acid was produced only by P. patulum colonies that possessed an aerial mycelium.
When Penicillium patulum was grown on Czapek-Dox agar, 6 -methylsalicylic acid was produced as an aerial mycelium was forming. Nutrients were often plentiful in the medium when biosynthesis began. If the formation of an aerial mycelium was prevented by growing the fungus between two sheets of dialysis membrane, no 6-methylsalicylic acid was produced even when nutrients were completely consumed. If the upper sheet of dialysis membrane was stripped off cultures of the latter type, an aerial mycelium formed; concomitantly, 6-methylsalicylic acid biosynthesis was observed. We conclude that 6-methylsalicylic acid was produced only by P. patulum colonies that possessed an aerial mycelium. 6 -Methylsalicylic acid (6-MSA) has figured prominently in the study of many aspects of fungal secondary metabolism. Thus, this substance was intimately involved in establishing the polyketide biosynthetic pathway (3, 4, 6) ; it is one of the few fungal secondary metabolites whose enzymology has been examined successfully in detail (9, 16) ; it was the model system that Bu'Lock and his colleagues used to develop the trophophase/idiophase description of secondary metabolism (5) ; and it is one of the limited number of fungal systems wherein it has been shown convincingly that induction of the metabolic enzymes in submerged liquid culture correlates with a medium nutrient depletion (10) . In view of the pivotal role that 6-MSA has played in the development of our knowledge of fungal secondary metabolism, it is clear that any general explanation of why this process exists and what function it serves must be validated in 6-MSA-producing systems.
Recent work of ours with solid cultures of Penicillium brevicompactum suggested that at least two of the secondary metabolites of that organism (mycophenolic acid and brevianamide A) are formed only in solid cultures that possess an aerial mycelium (2; I. M. Campbell 4 mm) containing 3% OV-17 on GasChrom Q, 80 to 100 mesh (Supelco Inc., Bellefonte, Pa.). The column temperature was programmed from 100 to 3000C at 10'C/min with initial and final temperature holds of 1 and 30 min, respectively. The gas flow through the column was 60 ml of helium per min. The identity of gas chromatography components was established by radiogas chromatography-mass spectrometry (7) . In addition to the methyl ester of 6-MSA, the total extract prepared as described above included fatty acid methyl esters, Krebs cycle components, and fungal steroids. 6-MSA mass and radioactivity values have a precision no worse than ±10%. Minimum detectable levels of mass and radioactivity in 6-MSA were shown to be 0.01 mg and 400 dpm per plate, respectively.
RESULTS
Growth cycle of P. patulum in solid culture. In on-agar cultures, spores germinated in 14 to 16 h. Through h 26, a horizontal mycelium was laid down on and into the solid substrate. The first aerial hypha appeared around h 30. Aerial hyphae were first seen to branch at about h 48, and conidiation commenced at about h 60. The same time frame of development was observed with over cultures.
Correlation of 6-MSA production, morphology, and nutrient levels in solid cultures of P. patulum, A set of on-agar plates was set up at zero time. Culture development was monitored continuously. Every 12 h, a plate was exposed to [1-14C] acetate for 2 h. Thereafter, the pool size of 6-MSA, its radioactivity content, and the prevailing nutrient levels were assayed. Figure 1 summarizes the results of two independent experiments. In both instances, 6-MSA synthesis began between h 24 and 36, as adduced from the fact that a significant pool of radiolabeled 6-MSA was present in the h 36 sampling. Aerial hyphae were also evident in the h 36 plate. At h 36 of development, glucose, nitrate, and phosphate depletions in the medium overall were to the level of 21, 9, and 30% of original, respectively, in the experiment described in Fig.  1A and were to the level of 57, 47, and 63% of original, respectively, in the experiment described in Fig. 1B .
In a third experiment, plates were examined every 3 h over the period from 24 to 42 h. Aerial hyphae appeared first between h 30 and 33. 6-MSA synthesis began between h 33 and 36. Glucose and nitrate levels at h 36 were 64 and 47%, respectively (phosphate was not determined in this experiment or hereafter since this nutrient never dropped below 15% of original level and was always in excess when compared with glucose and nitrate).
These first three experiments suggested that the initiation of 6-MSA synthesis in solid culture might indeed correlate with the presence of an aerial mycelium, and, further, that in solid culture an absolute, overall medium depletion of neither nitrogen nor carbon appeared necessary to initiate biosynthesis of 6-MSA. To explore these topics further, experiments were conducted with a smaller spore inoculum (107 spores/plate) on standard plates (20 ml) and with the usual spore inoculum (10' spores/plate) on plates containing twice the volume of normal agar (40 ml). Both sets of circumstances increased the available nutrients per spore and should therefore have accentuated any dependence of 6-MSA synthesis of them. Table 1 shows the results of experiments performed with an inoculum of 107 spores/plate. Results derived from spores that had and had not been dialyzed against 10-2% aqueous Tween 80 for 8 h before inoculation are included. In P. brevicompactum, dialysis under these conditions hastened germination and improved synchrony of development (2) . As the data show, 6-MSA synthesis began after an aerial mycelium had begun forming and when glucose and nitrate levels were 82 and 60%, respectively. Predialysis had little observable effect on development of P. patulum. was obtained in this case. In the control (20 ml) at the h 41, 6-MSA production had begun, aerial hyphae were present, and glucose and nitrate levels were 45 and 14% depleted, respectively. In the plates containing twice the volume of medium, 6-MSA production had also begun by h 41 and aerial hyphae were present, but glucose and nitrate levels were both 70%.
6-MSA. production in between and stripped-between cultures. Between cultures of P. patutum developed a horizontal mycelium of interdigitating hyphae between the membrane layers. At least for 8 days, the cultures showed no tendency to develop in the vertical plane, never forming aerial hyphae nor forcing apart the two circles of membrane. After 8 to 9 days the membrane became very brittle (cellulase action?), and it could no longer be guaranteed that the between state prevailed uniformly. If at any time through 8 days the upper circle of dialysis membrane was stripped off a between culture, the biomass normally came with it. If the lower circle was now removed from the plate and discarded, and the upper biomass-bearing layer was inverted and returned to the plate, the culture remained viable. Moreover, these "stripped-between" cultures forned an aerial mycelium. Between cultures of P. patulum that were 3 to 4 days old began forming aerial hyphae in 2 h; cultures that were older or younger could take up to 24 h. Between and stripped-between cultures allowed us to probe further the correlation between 6-MSA synthesis and the emergence of an aerial mycelium.
A batch of between cultures was set up at zero time. Every day thereafter for 8 days, a between culture was analyzed for nutrients, 6-MSA level, and isotope content after a 2-h exposure to [1- 14C]acetate. At the sample time, four between cultures were stripped. Two were transferred back to the original plate and assayed for nutrients and 6-MSA 1 and 2 days later. The other two were transferred to new Czapek-Dox glucose agar plates and analyzed similarly (Table 3) . Two results emerged. First, between cultures (the first entry in each set) never made 6-MSA, even though they had depleted the medium of nutrients from day 7 onward. Second, in all of the stripped-between cultures examined, an aerial mycelium had formed and 6-MSA was being, or had been, produced. Those cultures which had been transferred to new media during their lifetime uniformly formed more 6-MSA than cultures that were not transferred.
The experiment was repeated with strippedbetween cultures being examined 2, 20, and 44 h after stripping (Table 4) . Again a clear correlation between 6-MSA production and the existence of an aerial mycelium was seen. Note, however, that unlike the results in Table 3 Control and replacement cultures were assayed for 6-MSA production at h 24, 27, 33, 36, 39, and 42. 6-MSA biosynthesis was first observed in the control culture at h 39 (0.06 mg/plate; 2.2 x 103 dpm/plate). At that time, biosynthesis was not detected unambiguously in the replacement culture. Three hours later, however, biosynthesis had begun in the replacement culture (0.06 mg/ plate; 3.2 x 103 dpm/plate). Aerial hyphae were present in both control and replacement cultures when synthesis began.
DISCUSSION
The proposition that this work set out to explore was that in solid cultures of P. patulum, 6 -MSA synthesis might be the property of cultures that possessed an aerial mycelium. The data supported this proposition. An aerial mycelium was always present when 6-MSA production was observed; when aerial mycelium formation was prohibited (between cultures), 6- MSA production did not occur.
An association of secondary metabolism with 6 -MSA production is intimately associated with a medium depletion of nitrogen (10) . No such association appears to figure in solid cultures: the initiation of 6-MSA production was associated with medium glucose, nitrogen, and phosphorus levels that varied from 21 to 82%, from 9 to 70%, and from 30 to 60% of the original values, respectively. Even taking into the account the nutrient gradients that we have shown exist across the agar slab in solid culture (up to 10%) and the imprecision of the nutrient assay (±10%), it is hard to reconcile these values with an absolute requirement for a nitrogen, carbon, or phosphorus depletion in the growth medium to trigger 6-MSA synthesis. It remains to be seen if a nitrogen depletion, etc., within the culture has a role to play.
The second topic concerns the meaning of the terms trophophase and idiophase. In submerged liquid culture, their value has recently been questioned (1, 12, 13) . For the limited set of systems we have studied, a simple resolution of the problem presents itself: trophophase could refer to germination and the development of a vegetative mycelium, idiophase to the subsequent development of an aerial mycelium.
